ABSTRACT. Economic variation and its effects on construction demand have received a great deal of attention in construction economics studies. An understanding of future trends in demand for construction could influence investment strategies for a variety of parties, including construction developers, suppliers, property investors and financial institutions. This paper derives the determinants of demand for construction in Australia using an econometric approach to identify and evaluate economic indicators that affect construction demand. The forecasting contribution of different determinants of economic indicators and their categories to the demand for construction are further estimated. The results of this empirical study suggest that changes in consumer's expectation, income and production, and demography and labour force are closely correlated with the movement of construction demand; and 14 economic indicators are identified as the determinants for construction demand. It was found that the changes in construction price, national income, size of population, unemployment rate, value or export, household expenditure and interest rates play key roles in explaining future variations in the demand for construction in Australia. Some "popular" macroeconomic indicators, such as GDP, established house price and bank loans produced inconclusive results.
INTRODUCTION
The important role of the construction market in an economy is well recognized. Changes in construction industry activities will directly and indirectly influence other industries and ultimately affect the economy at all levels of life. Song and Liu (2006) found that the construction sector has a very strong link with other economic sectors such as manufacturing, utilities, commerce, transportation, finance and business services. The construction industry can be the main engine for economic growth (Ofori 1990 ). However, the construction market is greatly affected by the performance of the economy because the output of construction is a response to the demand for buildings which is a derived demand for other sectors. Akintoye and Skitmore (1994) used five factors, namely economic conditions, construction prices, real interest rates, unemployment levels and profitability, to model demand for three types of construction markets in the UK. Fan et al. (2010) indicated that a change in interest rates can affect the lending costs for clients, contractors, developers and company profits. Relationships between these economic indicators and construction demand have been tested by previous researchers in order to construct a causal model which can then be utilised to forecast future change in construction demand.
Future demand for construction is one of the most important factors for clients in deciding on investment in construction. Construction contractors, who are aware of changes in future demand for their services can use this knowledge to help formulate appropriate pricing strategies and take appropriate action (Akintoye, Skitmore 1994) . With regard to tenders, those who have knowledge of future demand can price their tenders more realistically and strategically, thereby increasing their chances of success (Hua 2000) . For construction developers, the levels of demand indicate the possibility of a timely and profitable disposal of new developments (Hua 1998) . Conversely, for construction firms, a knowledge of change in de-mand can help them to operate more efficiently through better planning and control of their activities (Hua 2000) . ultimately for the construction industry, future work-load planning cannot be appropriate or accurate without a good knowledge of future demand.
In order to forecast construction demand, construction economists employ various prediction techniques, including neural networks, multi-regression or advanced multivariate regression techniques, such as the vector autoregressive model, the vector error correction model etc. However, the selection of economic indicators in previous studies has mainly depended on human judgement. Studies in forecasting construction demand have shown that forecasts of demand for construction are inevitably inaccurate, mainly as a result of the lack of empirical studies on the determinants of construction demand (Fan et al. 2010) .
The objectives of this paper are to demonstrate the use of an innovative selection approach to identify the determinants of demand in the Australian construction market, based on long-run and causal relationship estimates using construction demand and economic indicators; to evaluate the forecast contribution of each determinant of construction demand and; to compare and contrast the identified construction demand determinants and nondeterminants in this study with the economic indicators affecting construction demand found in previous research.
UNDERPINNING LITERATURE ON CONSTRUCTION DEMAND
Research into construction demand varies, but can be broadly categorised into four perspectives. The first of these is the analysis of the relationships between construction demand and economic indicators. Tang et al. (1990) and Akintoye and Skitmore (1994) both constructed three linear multi-regression models to estimate the relationships between the indicators and different types of construction demand in Thailand and the uK respectively. The authors stated that the selected economic indicators should be different when estimating residential construction, non-residential construction and 'other' construction demands. Hua (1998) discussed the relationship between residential construction demand and economic indicators through regression and artificial neural network techniques. Lopes et al. (2011) used a Granger causality test to analyse the relationships between the gross domestic product and construction demand in Cape Verde. Myers (2008) concluded that demand for construction is affected by the construction price, price of other goods or services related to construction, income, government policy, consumer's expectation and other influencing factors.
The second perspective is demand forecasting. The forecasting methods for construction demand in the literature can be summarised into five types: using classical multi-regression, Box-Jenkins or benchmarking, artificial neural network techniques, two or three-stage least-squares regression and vector error correct (VEC) models. Classical multi-regression models were widely used to forecast the trends of construction demand in Thailand, uK and Singapore by Tang et al. (1990) , Akintoye and Skitmore (1994) and Hua (1998 ) respectively. Hua (1998 compared the prediction accuracy of three forecasting models by using Singapore data. Hua found that the Box-Jenkins technique is suitable for making short-term forecasts; that the multi-regression technique always has a problem in modelling as the selection of indicators is affected by human judgement; and that the artificial neural network technique has poor explanatory capabilities. However, Fan et al. (2010) reported that the benchmarking model has less prediction errors than the multi-regression model when forecasting construction demand in Hong Kong during 1984 and 2005 . Tse et al. (1999 discussed investment demand and traditional demand for new housing construction in Hong Kong based on the two-stage least-squares and three-stage least-squares regression models. Fan et al. (2010) indicated that the VEC model performs better than the multi-regression model for predicting demand for construction. This study focuses on selecting and measuring determinants for construction demand by estimating its relationships as determined by perspective one and highly related to perspective two. Selecting determinants is the prior stage for modelling and forecasting demand for construction.
Estimating house prices and construction prices or costs, based on the modelling of construction supply and demand, is the third research field. In a competitive market, price or cost is determined by the supply and demand of products or services across the industry. Ball et al. (1998) indicated that for each market sector, construction prices should be determined by the total demand. Construction prices differ by region, partly as a result of local resource and demand, as an increase in demand will lead to a rise in price. Gyourko and Saiz (2006) believed supply and demand in construction both determine the price of construction, as such they estimated a construction price using the construction demand and supply equilibrium model.
There is little research focusing on the fourth perspective, the effects of a specific event on construction demand. Hua (2005) estimated the dynamic effects of the 1997 Asian financial crisis on the demand for construction in Singapore using the auto-regressive-integrated moving average (ARIMA) model. Hua (2005) reported that the net effect of the Asian financial crisis on the demand from both the public and private sectors is different, with a positive response in the public sector and a negative response in the private sector. A study by Fan et al. (2010) , also based on the ARI-MA technique, discussed the effects of the SARS outbreak and the Asian financial crisis on the Hong Kong construction industry. The study concluded that while the total demand for construction was only slightly impacted by the SARS outbreak and financial crisis, but the financial crisis did influence the demand in the residential sector deeply.
Various variables have been used to represent the level of demand in the construction market, such as the number of building permits, the number of construction work approvals, the value of construction output or the value of investment in the construction industry. Gyourko and Saiz (2006) employed the number of housing permits as demand for housing construction. The authors claimed that recent construction activities can be measured by the average number of housing permits as these can be seen as the demand for new housing construction. In contrast, Tang et al. (1990) and Fan et al. (2010) adopted the value of construction work output to represent the demand for construction. These researchers believed that the output of construction work can be viewed as a reasonable proxy to the value of construction volume that the clients demand. The value of construction contract awarded or the value of construction work approved has been used to represent the demand for the construction industry because they are indicators of change in the level of construction demand (Hua 2005; Ofori 1990 ).
Although various techniques have been applied to estimate the relationships between economic indicators and construction demand, the long-term and short term dynamic relationships between relevant variables and movement of the construction market have rarely been discussed. More importantly, the predictive power of the economic indicators on the future construction demand is still unexplored. To address these research gaps, a series of advanced econometric techniques, including cointegration, causality and variance decomposition analyses, are employed in this research.
KEY ECONOMIC INDICATORS AFFECTING CONSTRUCTION DEMAND
Many attempts have been made to provide explanatory parameters for demand fluctuations in the construction industry. For instance, Akintoye and Skitmore (1994) used five factors; economic conditions, construction price, real interest rate, unemployment levels and profitability, to model demand for three types of construction markets in the uK. Five macro-economic indicators, such as GDP, unemployment rates, tender price index, population and interest rates were selected to explain the variation in demand for construction in Hong Kong (ng et al. 2011) . Based on the theory of demand, Myers (2008) presented the demand for construction in the form of a general equation as follows:
,
This is formally referred to as a demand function. The function states that D c Q is the demanded value of the construction products or services f is a function of all the things listed inside the bracket: c P the construction price, x P the prices of other goods related to construction, I income, EXP consumer's expectations, and a host of other things. Based on the law of demand the construction price is the main determinant for construction demand. There are many nonprice factors, such as changes of economic conditions, the cost of financing (interest rates), technology developments, demographic factors, labour force, seasonal differences, location, and so on (Myers 2008) . This publication summarized the key factors of construction demand into five generalized categories, namely: prices, income and production, demography and labour force, consumer's expectations, and other factors. Furthermore, a number of previous studies indicated that construction supply is influenced by construction prices, productivity, land supply, competitive intensity and seasons (Akintoye, Skitmore 1991; Gyourko, Saiz 2006) . Thus the economic indicators that can only affect construction supply, (e.g. land supply, construction productivity and competitive intensity) are excluded in the estimation of construction demand determinants.
Quarterly economic indicators used in this study are abstracted from the Australian Bureau of Statistics (ABS), and further classified into the five general categories as mentioned above, shown in Table 1 . A justification on the choice of indicators is provided below.
Prices
Construction prices are market driven, which are determined by the levels of demand and supply (Ball et al. 1998) . At the same time, prices also affect the levels of demand according to the law of demand. When the construction market attains a high cost, a lower level of construction will be demanded than during periods of lower cost and vice versa. The changes in property prices and construction related price indexes are highly correlated with demand for construction (Ofori 1990; Tse et al. 1999) . Demand curves are always plotted on the assumption that the prices of other commodities relate to the construction industry, particularly in the housing, import and export markets (Myers 2008) .
Income and production
For most goods, an increase in income will lead to a rise in demand, particularly in the construction industry. Changes in national income or GDP can Granger cause variations in construction demand and activities (Akintoye, Skitmore 1994) . Any variation in the national income will affect the level of demand for construction in both the private and public sectors. Changes in industrial and manufacturing production or output will affect product availability and demand for construction, as strong links were found among the construction sector and other sectors (Song, Liu 2006) .
Demography and labour force
Demographic change is another factor influencing the need for various construction facilities and has been widely used for modelling and forecasting construction economic indicators such as demand and price. A change in the growth rate of population would lead to an expansion of developed land and hence influence the demand for construction. Variations in the labour market would affect construction supply and prices, which may indirectly affect demand for construction (Wong et al. 2007 ).
Consumer's expectation
Consumer views on future trends of expenditures, interest rates, unemployment rates and retail trading values may affect demand for construction, because these factors are commonly viewed as indicators of consumer's expectations to the future construction market. A higher expenditure and retail trading value represents more confidence on future national economy from consumers. Also, a lower local unemployment rate would represent a better macroeconomic stabilization. A rise in unemployment may discourage investment in the construction market because employment is the main source of income for residents and an increase in the unemployment rate represents a lowering of the purchasing power of the population as well as a lower demand. Other factors Some other factors have been employed in estimating construction demand, such as bank lending, value of import and export, international investment and housing finance commitments (Hua 1998; Ofori 1990 ). International investment, value of import and export are generally considered as barometers of national economy. The international investment position measures the aggregate of the net flow, which indicates the change in the level of net foreign investment in Australia. Changes in bank lending represent variations in the level of money supply in the construction market, which can affect demand for construction directly. The housing construction market operates as a substitute for the stock market for the urban household, and a substitute relationship would be expected between construction demand and the stock market index. Beside of the economic indicators, other factors, government policy, seasonality, the financial crisis and other special events, also can affect demand for construction. However, this study focuses on exploring the key influencing economic indicators of construction demand only.
In Australia, the construction industry contains house construction, residential building construction, non-residential building construction and engineering construction sectors. In the research presented in this paper, the approved values of both residential and non-residential building construction works were used as the proxy value of demand for construction in Australia. They can be explained as the total monetary cost of the building construction work that clients can, and will be able to, purchase in a certain period. Due to the lack of engineering construction data in the study period, the demand for engineering construction was excluded in the research study. The quarterly data series of selected economic indicators and the demand for construction are abstracted from the ABS for the periods of September 1996 and December 2009. This study period can be seen as a period of unusually stable construction demand, with Australia being affected less by the latest economic recession than some other nations. The time series data used in this study are expressed as natural logarithm variables. In the collection of variables for estimation, the following important issues are taken into account: the economic plausibility of their leading character, the availability of the time series with as few interruptions as possible and the availability of the data with minimum delay (Jiang, Liu 2011 ).
ECONOMETRIC METHODS BASED DETERMINANT IDENTIFICATION
A well-executed econometric analysis approach is utilised to identify and evaluate the determinants of demand in the construction market. A schematic flow chart highlighting the identification of determinants and the evaluation procedure is shown in Figure 1 . The key influencing factors of construction demand are identified by long-run and short-run causal relationship estimation; subsequently, the identified influencing factors are further evaluated by forecast contribution variance decomposition analysis. A prior condition for the cointegration test is that all the variables should be integrated at the same order or contain a deterministic trend and accordingly a unit root test is conducted for each variable using the PP unit root test (Luo et al. 2007 ). Cointegration, an econometric property of time series variables, is generally used to estimate the long-run relationships between non-stationary variables. If the level of the time series data is not stationary but a linear combination of variables is stationary after first difference, then the series can be said to be co-integrated of order one or Ι (1). They will tend to come back to the trend in the long run, even though they deviate from each other in the short run. The Johansen cointegration test by a multivariate maximum likelihood approach was conducted to reveal the number or cointegration equations without using arbitrary normalisation rules. There are five models used in the Johansen cointegration test. Model one represents all series with zero mean. Model two represents deterministic data with an intercept but no trend in the CE. Model three suggests that data has a linear trend with an intercept but no trend in the CE. Model four has a linear trend with both an intercept and a trend in the CE, while model five suggests a quadratic data trend with an intercept and a trend in the cointegration equations (CE). This paper analyses three different specifications in the Johansen cointegration estimation, model 1 and 5 being excluded from the estimation due to issues of applicability to real life (Hui, yue 2006) .
The Granger causality test is a technique for determining whether one time series is useful in forecasting another. An unrestricted vector autoregression model (VAR) is usually assumed to implement the Granger causality test, but a VAR model for the Granger causality test will contain some misspecification when time variables are cointegrated. Therefore, this kind of test should be processed using a vector error correction model. Once all variables are proved to be stationary and co-integrated, a vector error correction model can be formulated. The VEC model can be defined by Eq. (2):
where: t Y is the independent Ι (1) variable being integrated to an Ι (0) vector; C is the intercept; Γ is the matrix reflecting the short-run dynamic relationship among the elements of t Y ; and t ε is resid- 
where: α is the adjustment coefficient; 0 ρ is the intercept of co-integrating equations. , j i θ reflect the short-run aspects of the relationships between the independent variables and the target variable, 1, j t i X + − are the variables of economic indicators.
ECONOMETRIC TECHNIQUE FOR EVALUATING DETERMINANTS
Once the determinants of construction demand have been identified, a variance decomposition technique is employed to explore the forecast error for each determinant and the category of economic indicators in module two. The variance decomposition technique splits the forecast error variance into components which can measure the contribution of every target variable in each of the future periods (Liu et al. 2009 ). The VEC model based on Eq. (2) can be written as:
The expression for t Y can be rewritten as: 
where: L is the lag operator. The variance decomposition is based on the concept of the infinite vector moving average expression of Eq. (6). Since
where: 
, the corresponding VEC model based on Eq. (8) for construction demand, can be written as:
Variance decomposition provides insight into the relationship between variables by measuring the contribution of all variables to the variance, namely the relative variance contribution (RVC). RVC of determinants to construction demand is expressed in Eq. (10):
where: s denotes the number of future periods; , j t X denote the variables of determinants. This equation forecasts the contribution of the variable j to the variance of the demand for construction in the future period. Thus, the variance decomposition is the ratio of the contribution that ascertains how much the forecast error variance accounts for each variable, and it can distinguish the key factors which have more influence on other variables in the VAR system.
EMPIRICAL RESULT

Causal relation of determinants of construction demand
The identification of determinants begins with the stationary test for each series while the results are summarized in Table 2 . The null hypotheses of non-stationarity are performed at the 1% and 5% Table 3 . There are 17 long-run relations found between construction demand and key economic indicators from 1996 to 2009 based on the results of trace and max-Eigen statistics tests. The test results suggest that the gross domestic product, the international investment position, the value of import of goods and services, the value of retail trade, the total manufacturing production index, the established house price index, the employed person in the construction industry and the Australian stock market index have no cointegration with construction demand in Australia. Despite the GDP being employed for modelling construction demand in some previous studies, the causality link between construction output or activities and the GDP is still inconclusive, for example in the study of ng et al. (2011) . Generally, the fixed capital consumption has a strong link with the construction industry. Because the fixed capital consumption was deducted from the GDP measurement, there was non-significant relationship between GDP and construction demand in the long-run. The economic indicators which have no long-run relationships with construction demand were excluded from further estimation. Since certain economic indicators and construction demand proved to be integrated and co-integrated, vector error correction models could be formulated based on Eq. (3). Each pairwise combination of construction demand and one of economic indicators was tested. Subsequently the causality relationships between construction demand and the selected economic indicators were examined using the VEC-Granger causality test, the results of which are summarized in Table 4 . The results suggest that a change of the import price index, construction company profit and the value of housing finance commitments cannot Granger cause a change in demand for construction. Generally, for construction companies, high profitability may encourage investment which can increase construction production and influence the level of construction supply. However, the profits of construction companies would not cause the change in demand for the construction market. The result of the Granger causality test confirms that construction company profit cannot Granger cause construction demand. no causal relationship was found between the value of housing finance commitments to the level of demand for construction, mainly because over 90% of the value of housing finance is invested in the established housing market not the new housing construction market in Australia (ABS 2011). The test results also suggest that national income, value of exports, household and government expenditure, the industrial production index, the construction producer price index, the new house price index, the import price indices, unemployment rates, popula- tion, average weekly earnings, labour costs, bank loans and interest rates have causal relations with demand for the construction market. As such, 14 economic indicators have been identified as determinants of construction demand after long-run and causal relationship estimations.
Predictive power of determinants of construction demand
To obtain further insights into the influence of the determinants on the demand for construction, a variance decomposition technique based on the VEC models was conducted. In previous sections, VEC models were constructed based on a pairwise combination of construction demand and the selected economic indicators. To test the predictive power of each determinant and five influencing categories, five new VEC models were structured between the construction demand and each category. Each category was represented by one or several corresponding determinants. The Johansen cointegration test results of the construction demand and each category are summarized in Table 5, which suggests that the five categories are all co-integrated with construction demand. Variance decomposition analysis is able to describe the forecast error variance as a number of constituents which indicate the respective contribution degrees of certain variables in every prospective time. Therefore, the variable which contributes most, and those which contribute less, can be differentiated. As this study pays more attention to the contribution of determinants to the changes of demand for the construction market, only the forecast error variance for construction demand in response to its determinants is decomposed. Table 6 reports the test results of variance decomposition for construction demand in response to its determinants. It can be seen that the forecast error variance of the national income, population and unemployment rates both explain more than 23% of the forecast error variance in demand for the construction market. The construction producer price index, value of export, and household expenditure contribute, 18.12%, 10.37% and 7.89% respectively for the forecast error variance of construction demand. The construction producer price index, national income and average weekly earnings play key roles for affecting the growth of construction demand in the short term with approximately 20.73%, 10.89% and 14.63% respectively. This highlights that approximately 16% of future variations in construction demand are explained by the change of future interest rates in the third quarter. In contrast, new house price index, export price indices, average weekly earnings, industrial production index, labour costs, government expenditure and bank loans are weak in affecting future construction demand with below 5% forecast contribution. Figure 2 displays the forecast contribution from five general categories to construction demand. The variation in construction demand can be primarily explained by future changes in consumer's expectation, income and production, demography and labour force. This figure shows construction price and other construction related prices contribute around 20% and 10% to the error variance of construction demand in Australia in the future 10 quarters. Between the future fourth quarter and the tenth quarter, the forecast error variance of the consumer's expectation explains over 40% of the forecast error variance in construction demand. In contrast, future changes in the other factors generate insignificant effects on the variation in construction demand at 10%. The change of policy in the expenditure, interest rates and employment can affect the level of construction demand significantly in the future ten quarters.
After long-run and causal relationship estimations, 14 economic indicators are identified as the determinants of the demand for construction in Australia. In contrast, 11 indicators are identified as nondeterminants. The economic indicators affecting construction demand used in previous studies, and the determinants and non-determinants of construction demand identified in this study are listed in Table 7 . The 17 economic indicators adopted in this study are the same or similar to those used in previous studies. However, three new influencing factors, namely, household expenditure, the export price index and labour costs are approved and both have long-run and causal relations with the demand for construction. These new determinants were found to have significant forecast contribution between 5% and 11% to the future variation of construction demand. Ofori (1990) , Hua (1998 Hua ( , 2000 , Ball et al. (1998) , Tse et al. (1999) Industrial production index, Total manufacturing production index ★ Industrial output or investment Tang et al. (1990) , Ball et al. (1998) , Song and Liu (2006) Land supply * Housing loans, Central provident fund and others Hua (1998 Hua ( , 2000 Interest rate, Australia stock market index ★ Interest rate or prime lending rate Tang et al. (1990) , Ofori (1990) , Akintoye and Skitmore (1994), Tse et al. (1999) , Myers (2008) , Fan et al. (2010) number of tourist * Tang et al. (1990) ★ denotes the indicators identified as non-determinants of construction demand. ▲ denotes the determinants not considered in previous studies. * denotes the indicators considered in previous studies but unused in this study.
Meanwhile other previously untested economic indicators, the value of import, the Australia stock market index, the international investment position, the import price index and the value of retail trade, are identified as non-determinants of construction demand. The householder and corporate savings, housing stock, the land supply and the number of tourists are not involved in this study due to the lack of statistical data available for these indicators. However, householder and corporate savings, housing stock, land supply, number of tourists, GDP and housing loans played insignificant roles for modelling the demand for construction in the studies of Tang et al. (1990) ; Hua (1998) and Fan et al. (2010) . It was also found that not all types of property prices have links with construction demand. In Australia changes in new house prices can affect the level of demand but the established house prices cannot. Therefore, the irrationality of a determinant-identifying approach can be verified according to the comparison results.
CONCLUSIONS
This study has delivered an innovative approach for identifying and evaluating the economic determinants of demand for the construction market. The economic indicators adopted in this study are classified in five categories based on demand theory. The effects of economic indicators and categories on the growth of demand in the construction market are estimated in this study. A series of econometric techniques, Johansen cointegration, Granger causality and forecast error-variance decomposition estimations have been employed to explore the long-run and causal relations and to evaluate the forecast contributions of economic indicators on the demand for construction. The conclusions can be stated as follows:
In this study, 14 economic indicators have been identified as the determinants of demand for the Australian construction market based on long-run and causal relationship estimations. It is important for construction contractors, tenders and developers to observe the fluctuation of construction price, national income, size of population, unemployment rates, the value of export, interest rates and the household expenditure in order to predict the future demand for the construction market as these determinants are the most important factors able to explain the level of demand for construction. Changes in categories of consumer's expectation, demography and labour force, income and production play key roles in explaining the future variation of demand for construction in the future ten quarters. In contrast, change in the category of other factors (value of export and bank loans) has the least influence in affecting the future construction demand during the study period.
Compared with previous studies in the field of construction demand and economic indicators, three indicators, namely household expenditure, the export price index and labour costs, were found to be new determinants in this study. Strong links were proven between these determinants and the level of demand in the construction market. Furthermore, policies that enhance employment and encourage the export of goods and services can help to raise the demand in the Australian construction market significantly. It was also revealed that while the fluctuation of new house prices can affect the level of demand in the construction market, established house prices cannot. This study focuses on identifying determinants of construction demand at the overall level. The construction market may be classified by types and sectors, such as residential, commercial, office, industrial, private and public markets. Identifying the determinants of demand for different construction types and sectors should be further investigated in the future.
